headspace of the culture tubes contained N 2 . For photoautotrophic growth, cultures were grown 23 with 0.1 -6 mM thiosulfate as the electron donor and 20 mM bicarbonate as the carbon source. 5 otherwise indicated. Cultures were grown phototrophically at 30°C with illumination from 60 W 1 incandescent light bulbs. Antibiotic concentrations used for R. palustris were 100 µg gentamycin 2 (Gm) /ml or 100 µg kanamycin/ml and for E. coli, 20 µg Gm/ml. Cultures were transferred and 3 manipulated in an anaerobic glove box (Coy Laboratories, Grass Lake, MI).
5
Preparation of non-growing cell suspensions. Non-growing R. palustris cell suspensions 6 were prepared as follows. Cells were first grown under nitrogen-fixing conditions in 80 ml of 7 NFM medium in 160 ml serum bottles with 4 mM each of thiosulfate, acetate, succinate and 10 8 mM sodium bicarbonate with a N 2 headspace. Cultures in mid-growth at an OD 660 of 0.7 were 9 harvested by centrifuging at 4,000 rpm for 8 minutes. The cells were moved to an anaerobic 10 chamber and washed once with one volume of deaerated 25 mM phosphate buffer (pH 6.8 ).
11
The suspended cells were then centrifuged and re-suspended in two volumes (160 ml) of 12 deaerated phosphate buffer and incubated in light in sealed serum bottles with an Ar headspace 13 for 12 h. After the incubation, electron donor was added to the cells and 10 ml of cell 14 suspensions (containing 0.5 to 0.6 mg total protein) were aliquoted to 27 ml sealed culture tubes
15
with an Ar headspace. The amount of electron donor used and H 2 produced by cells was 16 measured. During the period of incubation under non-growing conditions, cell cultures showed 17 changes in optical density at 660nm that were less than 0.1.
19
Analytical methods. H 2 was quantified using a Hewlett Packard 5890 series II gas 20 chromatograph (Agilent, Santa Clara, CA) equipped with a thermal conductivity detector and a 21 60/80 Molecular Sieve 5A column (6' x 1/8"; Sigma-Aldrich). Ar was used as the carrier gas at a 22 flow rate of 35 ml/min. The oven temperature was 60°C, the inlet temperature was 150°C, and 8
Results

9
R. palustris grows photoautotrophically with thiosulfate under nitrogen-fixing conditions.
10
Thiosulfate and sodium bicarbonate (bicarbonate), supplied as electron donor and carbon
11
source respectively, supported the growth of R. palustris when either ammonium or N 2 were
12
supplied as a source of nitrogen. Sulfate was produced as a product of thiosulfate oxidation.
13
Cell yields were dependent on the amount of thiosulfate provided, and cultures grown with
14
ammonium had 30% greater cell yields than cultures grown under nitrogen-fixing conditions
15
( Fig. 1 ). This was expected since under nitrogen-fixing conditions some thiosulfate is directed to 
2
Homologous genes in Rhodosprillum rubrum encode a protein complex that is responsible for 3 electron transfer from NADH to nitrogenase. FixAB is a predicted electron transfer factor and
4
FixCX resembles an electron transfer flavoprotein-quinone reductase (6, 7, 13 
13
continuously for several weeks when thiosulfate was supplied as an electron donor (Fig. 4 ).
14 Cultures produced greater amounts of H 2 at greater rates when 2 mM bicarbonate was included.
15
Addition of bicarbonate 18 days following the first of incubation of cells with thiosulfate
16
dramatically increased H 2 production (Fig. 4) . H 2 production rates and yields decreased 17 significantly after about three weeks with continual re-feeding with thiosulfate. 
8
The fixABCX operon is required for nitrogen fixation by R. palustris (Fig. 2) . R. rubrum fix 9 mutants were previously shown to be defective in nitrogen fixation (7) . It has been proposed 10 that one electron from NADH is transferred to FixAB and then to ferredoxin (the direct electron 
20
R. palustris uses thiosulfate efficiently to produce H 2 under non-growing conditions, and H 2
21
production from an inorganic electron donor does not generate carbon dioxide as a product. R.
22
palustris cells suspended in phosphate buffer can produce H 2 from thiosulfate for several weeks
23
( Fig. 4) , and cells could be concentrated for this purpose in small bioreactors (11). The rates of 24 H 2 production decrease over time; however, in the future, addition of vitamins or trace elements 12 may improve long-term H 2 production from resting cells. The possibility to use an inorganic 1 electron donor like thiosulfate provides feedstock options for H 2 production that can be used in 2 combination with, or beyond biomass-based electron donors.
3
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on July 9, 2017 by guest Cells take up bicarbonate from the external environment and convert it to carbon dioxide, which is the substrate for Calvin cycle reactions. The theoretical stoichiometry for maximum H 2 production from non-growing cells using thiosulfate is given in the equation. 
